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Lymphoid System

- Tissues and organs of the immune system have been found to play an
important role in the Immune response, maturation and development of
lymphocytes as well as control the response to invaders.

- Specialized organs and collections of tissue where lymphocytes interact with
non-lymphoid cells, which are important either to their maturation or to the
initiation of adaptive immune responses.

- Lymphatic tissues are characterized by having numerous lymphocytes and
significant numbers of reticular fibers.



Lymphoid organs and tissues are either primary or secondary.

Lymph and Lymphoid Tissues

no

The flow of lymph from the tissues into the lymphatic collecting system.
Lymph is formed from the tissue fluid that fills the interstitial spaces of the
body. It is collected into lymph capillaries, which carry the lymph to the larger
lymph vessels. It is then transported through larger lymphatic vessels to lymph
nodes, where it is cleaned by lymphocytes.

Lymph fluid is similar to plasma but with less proteins, no RBCs but contains
WBCs and lymphocytes.

Lymph may pick up bacteria and bring them to lymph nodes, where they are
destroyed. Metastatic cancer cells can also be transported via lymph. Lymph
also transports fats from the digestive system to the blood.

Lymphoid tissues are associated with the lymphatic system is concerned with

immune functions in defending the body against the infections. It consists of

connective tissue with various types of white blood cells, most numerous
being lymphocytes.
Lymphocytes constantly circulate between blood, lymph and tissues.

The resting lymphoid tissue consists of three areas:

The cortex which contains B lymphocytes.
The paracortex contains T lymphocytes.
The medulla contains the connective tissue.


http://en.wikipedia.org/wiki/Infection
http://en.wikipedia.org/wiki/Connective_tissue
http://en.wikipedia.org/wiki/Lymphocyte
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Organs of Immune System

Development of cells in organs of immune system include acquire specific
molecules (lineage markers) that are important for their function and also to detect
self and non-self-antigens. Lymphoid organs are composed of lymphoid cells and

tissues.

They are classified as follows:

1- Primary (central) lymphoid organs

- Thymus
- Bone marrow

2- Secondary (peripheral) lymphoid organs

- Lymph node
- Spleen
- Mucosa-associated lymphoid tissue (MALT)
1- Primary (central) Lymphoid Organs
- The main source of Lymphopoiesis (production of lymphocytes).

- Site of proliferation and maturation of lymphoid cells (B-cells and T-cells).

- Each organ contains one type of lymphocytes (T or B lymphocyte).

A- Thymus

Site of T-cells maturation. T cells mature in cortex and migrate to medulla
to enter blood via blood vessels.

Bilobed gland located in thorax superior to heart and surrounded by
capsule. Each lobe consists of follicles separated each other by thin
connective tissue trabeculae. Each lobe contains an outer cortex and inner
medulla.

Thymus produces hormones thymosin & thymopoietin produced by

epithelia cells in medulla; both hormones promote development and
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maturation of T-lymphocytes, and then migrate to the secondary lymphoid
organs and tissues.

- Lacks lymph nodules

- Hassall’s corpuscles are found in the medulla contain degenerating
epithelial cells with non-identified function.

- Thymus most active in early childhood, atrophy with age.

T cells could be mature to several types of cells as fallowing:
1. T-helper (Th)
2. T-regulator (Treg)
3. T-cytotoxic (Tc)
4. T-delayed type hepersensitivity (Tdth)

Histologically

1- Cortex

1- Cortex consists mainly of star shaped cells called epithelial reticular cells
with lymphocytes found between of these cells.

2- Because it is loaded with lymphocytes it stains darkly compared to the
medulla.

3- Epithelial reticular cells are connected by desmosomes maintain the

structural integrity of the organ and help form the blood-thymus barrier.

2- Medulla
1- Medulla has fewer lymphocytes and thus stains lightly.

2- Some epithelial reticular cells in the medulla are larger and form thymic

(Hassall’s) corpuscles (Figure 1)
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Figure 1. Cross section of a portion of the thymus showing several separated
lobules by connective tissue.

B- Bone marrow

- Bone marrow is a soft and is a sponge-like tissue, gelatinous tissue present in the

central cavity of long bones such as the femur and humerus.

- Blood cells and immune cells arise from the bone marrow; they develop from
immature stem cells (haemopoietic), which follow distinct developmental pathways

to become either erythrocytes, leucocytes or platelets.



- At birth, many bones contain red bone marrow, which actively creates immune
system cells. Over the course of our life, more and more red bone marrow turns into

fatty tissue.

- In adulthood, only a few of our bones still contain red bone marrow, including the

ribs, breastbone and the pelvis.

- Site of B-cell development and maturation (bursa fabricius in birds), as well as site

of hematopoiesis (including red blood cells (RBCs) production

AsY Lglaadll) clact) -1
sluacl Laiy cdoglaalll LAY laig 7 1) audaiil dawesi)l) adlsall yiaiy alaell ¢ lasg d3gill 522 auad
Aoglaadll daall ¢ Jakall Jedn s daeliall 4laial) Lgd Goas ) shlidl Jis L) dslaadl)
Ao glaaall) AWy Loagall 5B ¢ b cladal ¢ opyelll + Jadi A elaa¥ L ddas el Lsliadll daudy )

Adlsell Cluadlly dlasjall
Al g¥) dglaall) elacy)
Thymus &gl sas —1
Gsep Jie gl Ciligan il cont dilida gl () ol ) 250D dslaall) LAY julas dalaie s
JSs dainally ddalae adll 40U 528 (50 duyreal) dibaiall (8 iy Gfisusalill (seis Cesadl
Hassall’s Jula Glosea Qlll dalaie 8 2a g il et ddacslgy Al geaball clarsall a (5S0 (ab

7



PR aaxall 5 gl sz 60 Alaie LDUa WA o (ggian daulagl) 485120 e COrpuscles
WAL dal) 558 dikie Giilaia (e B oS Lfsll) s penalls iy duisall dale Jabal
DAY 038 (e AL Slac) e (ggian  Call) draie g 4501 2 slaal)

(lind 153) plial (&5 -2

pllandl (GS5all Caugatll J asase Db ow sy (i) dady ac b o e Blie padaall g ladl) -
daal) e 334l e (e Abghll

& Gl ¢ daali je daeds WA e sl ag talaall £ 135 (e Lo liall LDAT aall LD Lt
Aagadll miliall o) liand) aal) WA ol elpeall adll LS L) ol Bjaaia & jekat iyluss

WA (psS do Jled J<a dary 63 ¢ peal) adaall g las e allaal) (e auaall (gia3 33Vl die-
Ay Al ) sea) alaall £145 e aally assall Joat elibn lae o . e lidl Sleal
LR el b Lo ¢ jaal) plaall g las e (ging Lallae (pa daih (B sae I Y gl A je -
csanlly jaall ddacg

edlind P e (Lsehall (& vl Chall) Z8L LAY iy ok alige alaall glad iy —
)5 Al LBl WA ) Joa Cua dpe L) dada g1l oLl e 808 mady dals cilabivd

(shandl pall LA il elld 8 L) pall ()6S5 alige yiiag 43l () 28UV ¢ aliaal) aluaY) g



Bone Anatomy
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Figure 2. The structure of Bone marrow

2- Secondary (peripheral) Lymphoid Organs

- The sites of immune response where antigens presented to lymphocytes to
stimulate adaptive immune response.

- Dependent on primary lymphoid organs.
- T & B cells are present in these organs.

- Include the spleen, lymph nodes (LN), mucosa-associated lymphatic tissues
(MALTS) and skin associated lymphatic tissues (SALT).



A- Lymph node

» Oval-shaped or bean-shaped.
« Founds in several site such as neck, axilla, thorax and abdominal cavity.
» - Lymph nodes present along vessels.

» The lymph node is surrounded by a fibrous capsule. The substance of the
lymph node is divided into the fallowing area (Figure 2):

1. Cortex

— The site where cells challenged with an antigen; it contains B-cells,
Follicular DCs, M®, germinal centers

2. Paracortex (deep cortex)

— T-lymphocytes, , dendritic cells
3. Medulla

— Plasma Cells and macrophages

— Lymph flows into the medullary sinuses from cortical sinuses, and
leave the node into efferent lymphatic vessels

— Rich In Abs and Lymphocytes (T &B)
Function of lymph node

- Filtration: lymph nodes act as filters for foreign particles and are important in
Immune response.

- Produce antibodies which then circulate in the body by efferent vessels.
- Germinal centers develop in response to antigen stimulation
- Formation of memory cells

- Antigens are transport to lymph nodes via lymphatic vessels and these can be
divided into two types:
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http://en.wikipedia.org/wiki/Lymph_node_capsule
http://en.wikipedia.org/wiki/Efferent_lymphatic_vessels

1- Afferent vessels drain to nodes.

2- Efferent vessels drain out of nodes.

Afferent
IymprI\atlc Germinal
vessels centers

Postcapillary

B lymphocytes venule

1®NY)(@'®,

Primary /

lymphoid ' 25 7% / 2@}
2 ¢ 2 S0 = PRI

follicle 4 v Dl O 15

Cross section
post-capillary
venule

Germinal
centers

B lymphocytes
Lymphatic artery
Lymphatic vein

Efferent lymphatic
vessel

Cortex

Paracortex
Medulla

Figure 3. Structure of lymph node
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B- Spleen

- Located lateral to stomach and act as immune organ.

- The main source of antibodies (immuoglobulines) production.

- Remove abnormal blood cells and store iron from recycled RBCs for  re-use
- Site of fetal erythrocyte production and store platelets

- Initiate immune response by B & T cells in response to antigens in blood

- Spleen structure: it is consist of two major regions (Figure 3):

1- White pulp: lymphoid follicles containing lymphocytes that wait antigen to
activate; populated with B and T cells but mainly with T-Lymphocytes.

2- Red pulp: venous sinuses filled with RBCs, platelets, macrophages and plasma
cells.

- T cells constitute 30-40% and B-cells around 50% of spleen cells.

- It is the site where old and defective RBCs are destroyed and removed.
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Figure 4. Structure of spleen.(a) the spleen which is about 5 inch long in adult.
(b) Diagrammatic cross section of the spleen.
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C- Mucosa-associated lymphatic tissues (MALTS)

(MALTS) are present in the gut, pharynx, bronchi, breast, genitourinary
system, salivary and lacrirmal glands.

MALT aggregates of nodules commonly found in the sub epithelial
connective tissue of mucous membranes associated with the female
reproductive tract, respiratory tract, and urinary tract.

These aggregates regions contain T- and also B-lymphocytes in lymphoid
follicles. Classified according to its location in the body such as gut-associated
lymphatic tissues (GALT), bronchus-associated lymphatic tissues (BALT),
appendix and tonsils.

GALT deep to intestinal epithelium, made up of individual nodules called
Peyer’s Patches (Figure 4). GALT especially rich with B-cells and it is

responsible for localized immunity to pathogens such as bacteria, viruses, and
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parasites. Important for immunity of mucosa layer producing secretory IgA
(Figure 5).
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Figure 5. cross-sectional diagram of mucous membrane lining ingestine,
showing Peyer’s patch lymphoid nodule in the submucosa
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Figure 5. Structure of M cells and production of IgA at inductive sites. (a) M
cells, located in mucous membranes. (b) Antigen transported across the
epithelial layer by M cells at an inductive site activates B cells in the underlying
lymphoid follicles. The activated B cells differentiate into IgA-producing
plasma cells, which migrate along the submucosa.
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